Introduction
experiment. Initially, before transecting the spinal cord, cystometrograms (CMGs) were 126 performed by slowly infusing the bladder with saline to determine the bladder capacity, defined 5 as the bladder volume threshold required to induce a micturition contraction of large amplitude 128 (>30 cmH 2 O) and long duration (>20 seconds). Because the urethra was ligated to prevent 129 bladder emptying, the bladder was emptied manually after each CMG by withdrawing the saline 130 through the catheter. Multiple CMGs were performed to ensure reproducibility of the saline 131 control capacity. Then, the spinal cord was completely transected at the T9/T10 level. Thirty 132 minutes following the SCT, a saline CMG was performed to confirm the disappearance of the 133 large amplitude micturition contraction. Then, bladder infusion was changed from saline to 134 0.25% AA to irritate the bladder, activate the nociceptive bladder afferent C-fibers and induce 135 spinal reflex bladder activity. During the AA CMG, bladder capacity was determined by the 136 volume threshold required to induce a bladder contraction of amplitude greater than 10 cmH 2 O. 137 To ensure reproducibility of the AA control capacity multiple CMGs were performed by filling 138 and manually emptying the bladder. Then the animals were divided into 2 groups. 139 In the first group (N=5 cats), four CMGs were performed with AA infusion: (1) control 140 CMG without PNS, (2) CMG during 2T PNS, (3) CMG during 4T PNS, and (4) control CMG 141 without PNS to determine any post-stimulation effect. Then, the four CMGs were performed 142 again with TNS instead of PNS. At the end of the last CMG, the bladder remained full and 143 isovolumetric bladder contractions were established. Then, propranolol (3 mg/kg i.v., a β 1 /β 2 -144 adrenergic receptor antagonist, Sigma Aldrich, St. Louis, MO) was administered during the 145 isovolumetric bladder contractions. Ten minutes after propranolol treatment, the bladder was 146 emptied and the same CMG protocol as above was performed again. In the second group (N=5 147 cats), the same CMG protocol as above was used before and 5 minutes after administering 148 naloxone (1 mg/kg. i.v., an opioid receptor antagonists, Sigma Aldrich, St. Louis, MO). The 149 dosage of propranolol or naloxone was chosen to maximally block β 1 /β 2 -adrenergic receptors (9) 150 6 or opioid receptors (18, 21, 24) in the micturition reflex pathway. In both experimental groups at 151 the end of the experiment when the bladder was filled with AA and maintained under 152 isovolumetric conditions, hexamethonium (10 mg/kg i.v., a ganglionic blocker, Sigma Aldrich, 153 St. Louis, MO) was administered to suppress the spinal reflex bladder activity. 
Results
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Effects of Propranolol and Naloxone on Spinal Reflex Bladder Contractions
165
During saline CMGs, micturition contractions of large amplitude (>30 cmH 2 O) and long 166 duration (>20 seconds) could be induced after filling the bladder to a volume ranging from 9.1-167 18 ml, i.e., the bladder capacity (average 13.7±0.7 ml, N=10 cats, Fig.1A ). After a complete SCT 168 at T9/T10 level, this large micturition reflex disappeared during saline CMGs even after the 169 baseline bladder pressure reached more than 40 cmH 2 O at a much larger bladder volume 7 (157.8±11.8% of the saline control capacity, Fig.1A ). Infusing AA into the bladder, which is 171 known to activate nociceptive afferent C-fibers, induced small amplitude (<30 cmH 2 O) and short 172 duration (<20 seconds) bladder contractions at a significantly (p<0.0001) smaller bladder volume 173 ranging from 5.3-11.3 ml (average 57.1 ± 5.1% of the saline control capacity, Fig.1 A and B ).
174
These small bladder contractions were not detected during saline infusion after SCT (see the 175 middle trace in Fig.1A ).
176
The small amplitude bladder contractions were not only induced during AA infusion but 177 also during isovolumetric conditions after stopping the AA infusion at bladder volumes about 20- inhibition was significantly (p<0.05) reduced ( Fig.4 A and B ). However, PNS still significantly 194 (p<0.05) increased the bladder capacity from 51.8±7.6% of saline control to 64.5±9.5% (2T) and 195 64.7±7.3% (4T) after propranolol treatment ( Fig.4 A and B ). In another group of cats, naloxone 196 (1 mg/kg i.v.) did not alter the PNS inhibition ( Fig.4C ). This study shows in cats that spinal reflex bladder contractions can be induced after acute 205 SCT by bladder irritation using 0.25% acetic acid ( Fig.1 and Fig.3 ). PNS can inhibit these spinal 206 reflex contractions ( Fig.4 ) but TNS has no effect ( Fig.5 ). Propranolol can significantly increase 207 the amplitude of spinal reflex contractions ( Fig.2 A and B ) and greatly reduce PNS inhibition 208 ( Fig.4 A and B ), but naloxone has no effect on either the spinal reflex contractions ( naloxone was administered in this study before hexamethonium, our previous study showed the 220 same sensitivity to hexamethonium in untreated cats (26). In addition, these small bladder Previous studies have shown that TNS can inhibit bladder overactivity induced by AA 256 irritation in spinal intact cats (23). However, in this study TNS failed to inhibit the AA-induced 257 reflex bladder activity after acute SCT (Fig.5 ). This result indicates that TNS inhibition of the bladder reflex requires intact supraspinal pathways. However, this does not necessarily mean that 259 TNS inhibition only occurs in the brain because the afferent input to the brain activated by TNS activity and increase bladder capacity ( Fig.4 A and B ). This residual PNS inhibition could be due indicates where the bladder capacity is measured. B. TNS has no effect on bladder capacity 407 before or after propranolol treatment (N = 5 cats). C. Administration of naloxone (CMG tracings 408 not shown) also had no effect on bladder capacity with/without TNS (N = 5 cats). CMG tracings before and after propranolol administration. The downward arrow on CMG tracing indicates where the bladder capacity is measured. B. TNS has no effect on bladder capacity before or after propranolol treatment (N = 5 cats). C. Administration of naloxone (CMG tracings not shown) also had no effect on bladder capacity with/without TNS (N = 5 cats). Before Naloxone After Naloxone
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